Introduction
============

COPD affects 9%--10% of people aged \>40 years worldwide.[@b1-copd-13-2183] Disease exacerbations have a profound effect on patients with COPD, resulting in poor health and high mortality.[@b2-copd-13-2183],[@b3-copd-13-2183] Acute kidney injury (AKI) can be a severe complication of COPD. AKI is a multifaceted syndrome that occurs in different settings.

Fabbian et al[@b4-copd-13-2183] reported that AKI represents a very important predictive factor of in-hospital mortality in patients admitted because of COPD exacerbations. Barakat and coworkers[@b5-copd-13-2183] stated that the incidence rates of AKI in the COPD cohort and patients with AECOPD were 128/100,000 person-years and 1.9%, respectively. Although they described the incidence, risk factors, and outcomes for patients with AECOPD developing AKI, less attention was focused on AKI that developed in the community and how this may differ from hospital-acquired (HA)-AKI.[@b5-copd-13-2183]

In this study, we compared the incidence, risk factors, and short-term outcomes of patients admitted to the hospital with community-acquired (CA)-AKI with those with HA-AKI.

Patients and methods
====================

Patient selection
-----------------

The study protocol was approved by the Regional Human Research Ethics Committee of Nanjing First Hospital (Nanjing, China). Individual patient consent was waived on condition that all patient data were de-identified before evaluation because this study was a retrospective analysis. This study was conducted at Nanjing First Hospital from January 2014 to January 2017. The diagnostic criteria for AECOPD were as follows: 1) a history of COPD (the patient had been clearly diagnosed with COPD, with typical clinical COPD presentations, and the pulmonary functions); 2) a change in the patient's baseline dyspnea, cough, and/or sputum that was beyond normal day-to-day variations, was acute in onset, and could warrant a change in regular medication in a patient with underlying COPD.[@b6-copd-13-2183] The inclusion criterion was COPD exacerbation necessitating hospitalization. Exclusion criteria were as follows: patients without full medical records, with a urinary-tract infection, with a history of chronic kidney disease (CKD) stage 5, and undergoing dialysis before hospital admission ([Figure 1](#f1-copd-13-2183){ref-type="fig"}).

Definitions of CA-AKI and HA-AKI
--------------------------------

AKI was defined as a serum creatinine (SCr) change that met the 2012 Kidney Disease Improving Global Outcomes criteria: an increase in the SCr level by ≥0.3 mg/dL within 48 h or ≥1.5-fold from the baseline within 7 days.[@b7-copd-13-2183] Any patient admitted to the hospital with AKI (CA-AKI) or who developed AKI during the hospital stay (HA-AKI) was identified and included in the analysis. Patients admitted to hospital with AKI apparent based on the first SCr measured within 24 h of hospital admission were denoted as having CA-AKI. In contrast, patients were identified as having HA-AKI, if AKI was not apparent upon hospital admission, but AKI developed during hospitalization. The baseline level of SCr was defined as the lowest one during hospitalization or during the preceding 12 months.

Data collection
---------------

The following data were collected from the medical records: sex, age, preexisting medical conditions (chronic cor pulmonale, pulmonary arterial hypertension, atrial fibrillation, hypertension, diabetes mellitus, coronary artery disease, CKD, chronic liver disease, anemia, cerebrovascular disease, or cancer), complications (acute respiratory failure \[ARF\] and hypercapnic encephalopathy), requirement for mechanical ventilation (non-invasive mechanical ventilation, invasive mechanical ventilation, and duration of mechanical ventilation), requirement for renal replacement therapy (RRT), intensive care unit (ICU) admission, length of ICU stay, and duration of hospitalization. In-hospital outcomes such as the requirement for mechanical ventilation (non-invasive mechanical ventilation, invasive mechanical ventilation, and duration of mechanical ventilation), RRT and ICU admission, length of ICU stay, duration of hospitalization, and inpatient mortality were also documented.

Data analyses
-------------

Data were analyzed using SPSS v22.0 (IBM Corporation, Armonk, NY, USA). Continuous variables are presented as mean ± SD or median values (25th--75th percentile) as appropriate. Categorical variables are shown as percentages. An unpaired Student's *t*-test was used to compare mean values between two groups. The Mann--Whitney *U*-test was employed to compare median values. Comparison between two groups for categorical variables was made using the chi-squared test and the Fisher's exact test where appropriate.

Univariate binary logistic regression analysis was done to evaluate the potential risk factors associated with CA-AKI and HA-AKI. Multivariate analysis using binary logistic regression enter method showed that the risk factors for CA-AKI (CA-AKI versus non-AKI) and HA-AKI (HA-AKI versus non-AKI), respectively. To construct the Cox model, univariate Cox regression for each predicting variable (sex, age, preexisting medical conditions, complications, requirement for mechanical ventilation, requirement for RRT, ICU admission, AKI severity, presence of HA-AKI, or CA-AKI) was carried out, with the inpatient mortality of patients with AKI as the outcome variable. Variables that were found to be significant on univariate Cox models were entered into the multivariable Cox model. Kaplan--Meier survival analysis was done to assess inpatient mortality. *P* \< 0.05 was considered significant.

Results
=======

AKI prevalence
--------------

In this study, there were 1,823 adult admissions to hospital, of which 55 (3.0%) cases were excluded. A total of 1,768 patients were enrolled for evaluation. Most (76%) patients were male. The mean age of the overall cohort was 77.0 years (SD: 9.1). Overall, 377 patients with AKI were identified, giving an overall AKI prevalence of 21.3%. A total of 280 (74.3%) patients had developed AKI in the community and were admitted to hospital with AKI (CA-AKI). The overall prevalence of CA-AKI was 15.8% of all hospital admissions. The remaining 97 (25.7%) AKI episodes were acquired within hospital (HA-AKI). The overall prevalence of HA-AKI was 5.5% of all hospital admissions.

AKI characteristics
-------------------

Thirteen percent of AKI episodes were severe (stage 3 AKI), 62% had stage 1 AKI, and 25% had stage 2 AKI. Demographic differences between patients with HA-AKI and CA-AKI are shown in [Table 1](#t1-copd-13-2183){ref-type="table"}.

The number of men and women in HA-AKI and CA-AKI groups was similar. There was no significant difference in age between HA-AKI and CA-AKI groups (83 years versus 81 years; *P* = 0.12). Patients with HA-AKI were more likely to have severe AKI (22% had stage 3 AKI in the HA-AKI group compared with 11% in the CA-AKI group; *P* = 0.007). Nevertheless, the peak SCr value in the HA-AKI group was similar to that in the CA-AKI group. The prevalence of complications (ARF and hypercapnic encephalopathy) between the two groups was also similar. Comparison of the prevalence of various comorbidities in patients with HA-AKI or CA-AKI revealed approximately equal proportions of anemia, hypertension, diabetes mellitus, cancer, and liver, heart, and cerebrovascular diseases. The only two significant differences were a higher prevalence of chronic cor pulmonale in patients with HA-AKI (61.5% versus 41.8%, respectively; *P* = 0.001) and CKD in patients with CA-AKI (21.8% versus 10.4%, respectively; *P* = 0.015). Only ∼10.0% (37/377) of patients with AKI had a nephrology consultation.

Risk factors for CA-AKI and HA-AKI
----------------------------------

Risk factors for CA-AKI and HA-AKI were similar. CA-AKI and HA-AKI shared several independent risk factors, such as being elderly, requirement for mechanical ventilation, and a history of coronary artery disease and CKD. However, there were two additional independent risk factors for HA-AKI: chronic cor pulmonale (odds ratio \[OR\], 1.98; 95% confidence interval \[CI\], 1.24--3.25; *P* = 0.004) and cancer (OR, 2.70; 95% CI, 1.28--5.72; *P* = 0.009).

In-hospital outcomes
--------------------

Short-term outcomes in patients with CA-AKI and HA-AKI are shown in [Figure 2](#f2-copd-13-2183){ref-type="fig"}. Patients with HA-AKI were more likely to require non-invasive mechanical ventilation compared with patients with CA-AKI (31.3% versus 16.8%; *P* = 0.003). Moreover, patients with HA-AKI had a longer duration of mechanical ventilation (median, 11 days; interquartile ratio \[IQR\], 7--17 days) compared with patients with CA-AKI (8 days; 4--15 days) (*P* = 0.020) ([Table 2](#t2-copd-13-2183){ref-type="table"}). However, there were no significant differences in the number of patients requiring mechanical ventilation (46.4% for HA-AKI versus 36.1% for CA-AKI), invasive mechanical ventilation (15.5% for HA-AKI versus 19.3% for CA-AKI), RRT (4.1% for HA-AKI versus 2.9% for CA-AKI), and ICU admission (38.1% for HA-AKI versus 32.1% for CA-AKI).

### Duration of hospitalization

Patients with HA-AKI had longer hospitalization (median, 14 days; IQR, 9--20 days) compared with patients with CA-AKI (12 days; 8--17 days) (*P* = 0.038). However, there was no significant difference between the duration of ICU stay (median, 11 days; IQR, 6--16 days) in the HA-AKI group compared with patients with CA-AKI (9 days; 6--17 days) (*P* = 0.863) ([Table 2](#t2-copd-13-2183){ref-type="table"}).

### Inpatient mortality

All patients were followed up until death in hospital or upon hospital discharge. During this period, the overall inpatient mortality was 5.9% (105/1768). The overall mortality was 18.0% in inpatients with AKI compared with 2.7% for inpatients without AKI. Moreover, mortality was higher in patients with HA-AKI (32.0%) than in those with CA-AKI (13.2%) (*P* \< 0.001). [Figure 3](#f3-copd-13-2183){ref-type="fig"} shows the Kaplan--Meier survival curves for CA-AKI and HA-AKI groups. Patients with HA-AKI carried a greater risk for inpatient mortality than those with CA-AKI (OR, 3.09; 95% CI, 1.78--5.34; *P* \< 0.001, binary regression analysis). [Table 3](#t3-copd-13-2183){ref-type="table"} demonstrates the independent contribution of listed covariates on the mortality of inpatients with AKI. After adjustment for other significant factors of death, the hazard ratio (HR) for inpatient mortality in the HA-AKI group versus the CA-AKI group was 1.70 (95% CI, 1.03--2.81; *P* = 0.038).

### Mortality according to AKI severity

AKI stage 3 was an independent predictor for inpatient mortality (HR, 1.40; 95% CI, 1.02--1.92; *P* = 0.036) ([Table 2](#t2-copd-13-2183){ref-type="table"}). Moreover, a significant percentage of patients with stage 3 CA-AKI and HA-AKI had higher mortality (*P* \< 0.001). In particular, 67% of patients with stage 3 HA-AKI and 47% of patients with stage 3 CA-AKI died during hospitalization ([Figure 4](#f4-copd-13-2183){ref-type="fig"}).

Discussion
==========

We found that nearly one-fifth of patients with AECOPD requiring hospitalization had evidence of AKI. Of them, three-quarters had CA-AKI, and one-quarter had HA-AKI. CA-AKI and HA-AKI demonstrated similar demographic and risk factors. Nevertheless, patients with HA-AKI had worse short-term outcomes. In comparison with CA-AKI, patients with HA-AKI were more likely to require noninvasive mechanical ventilation and had a longer duration of mechanical ventilation, longer hospitalization, and higher inpatient mortality. After adjustment for other significant factors, HA-AKI (compared with CA-AKI) remained an independent risk factor for the mortality of inpatients with AKI.

We estimated an AKI prevalence of 21.3% in patients with AECOPD requiring hospitalization. Our estimate was much higher than the prevalence of 1.9% reported by Barakat and coworkers.[@b5-copd-13-2183] Three explanations may account for this difference. First, in the study by Barakat et al,[@b5-copd-13-2183] AKI was identified through the International Classification of Diseases, which may be presented inaccurately and underestimate the prevalence of AKI. Second, since 2008, the prevalence of AKI coding has been increasing steadily (noted by Kolhe[@b8-copd-13-2183] in a study started in 2004). Hence, the AKI prevalence may have been underestimated. Third, nearly one-third of patients in this study were seriously ill, complicated by ARF. Previous studies have demonstrated that the prevalence of AKI in patients with ARF is 35--62%.[@b9-copd-13-2183]--[@b11-copd-13-2183] Our data showed that CA-AKI was more common than HA-AKI. The prevalence of CA-AKI was approximately threefold higher than that of HA-AKI (15.8% versus 5.5%). This result confirmed the findings from the studies in different practice settings in which the prevalence of CA-AKI was 1.5--4.0-fold higher than that of HA-AKI.[@b12-copd-13-2183]--[@b17-copd-13-2183] In particular, AKI was common in the community for patients with AECOPD requiring hospitalization. Thus, it was necessary to measure SCr levels and evaluate renal function upon hospital admission for those patients.

This study showed that the risk factors for CA-AKI and HA-AKI were similar. CA-AKI and HA-AKI were more common in elderly patients with preexisting coronary artery disease, CKD, and requiring mechanical ventilation. These data demonstrated the demographic characteristics of people in the community and hospital who may benefit from more frequent blood tests in the event of medication change or an acute illness.

Compared with CA-AKI, patients with HA-AKI had worse short-term outcomes.[@b12-copd-13-2183]--[@b17-copd-13-2183] Patients with HA-AKI frequently required more care in the ICU,[@b13-copd-13-2183],[@b14-copd-13-2183],[@b16-copd-13-2183],[@b17-copd-13-2183] RRT,[@b15-copd-13-2183] and mechanical ventilation[@b12-copd-13-2183],[@b13-copd-13-2183] and had longer hospitalization[@b14-copd-13-2183]--[@b16-copd-13-2183] and higher inpatient mortality.[@b12-copd-13-2183],[@b14-copd-13-2183]--[@b17-copd-13-2183] In this study, patients with HA-AKI were more likely to require non-invasive mechanical ventilation and had a longer duration of mechanical ventilation. Higher inpatient mortality was noted in the HA-AKI group. In addition, patients with HA-AKI had longer hospitalization. Non-invasive ventilation is an evidence-based treatment recommended for patients admitted with AECOPD.[@b18-copd-13-2183],[@b19-copd-13-2183] However, mechanical ventilation was also a common risk factor for AKI in this study. Kuiper et al[@b20-copd-13-2183] reported that mechanical ventilation may lead to AKI through hemodynamic alterations with reduced renal blood flow or ventilator-induced lung injury by triggering a pulmonary inflammatory reaction and subsequent systemic release of pro-inflammatory mediators. Moreover, several studies have examined the release of these mediators during mechanical ventilation.[@b21-copd-13-2183]--[@b24-copd-13-2183] This may explain (at least in part) why patients developed HA-AKI during hospitalization, and why patients with more severe AKI were in the HA-AKI group. Moreover, our results demonstrated that HA-AKI, severe AKI (stage 3), RRT, and ARF were independent risk factors for inpatient mortality during AKI episodes. In this study, the prevalence of ARF and requirement of RRT in patients with CA-AKI and HA-AKI were similar. However, more patients with severe AKI were in the HA-AKI group, which may explain the higher mortality in inpatients with HA-AKI.

Barakat and coworkers[@b5-copd-13-2183] reported that mortality among patients with AKI at the first COPD exacerbation was 512/10,000 person-years. Our data showed that the overall mortality of inpatients with AKI upon a COPD exacerbation was 18.0%, and the inpatient mortality in the HA-AKI group and the CA-AKI group was 32.0% and 13.2%, respectively. Importantly, the mortality of inpatients with AKI stage 3 in the HA-AKI group and the CA-AKI group was 67% and 47%, respectively.

Scholars have reported that a delayed nephrology consultation could be associated with worse outcomes.[@b25-copd-13-2183],[@b26-copd-13-2183] Ponce et al[@b26-copd-13-2183] stressed the role of an early nephrology consultation in outcome for AKI patients. The authors concluded that a delayed nephrology consultation was associated with increased mortality among non-dialyzed patients (53% versus 22%, *P* \< 0.01) and dialyzed patients (74% versus 49%, *P* \< 0.006) as well as increased duration of stay in the ICU (17 versus 6 days, *P* \< 0.001) and hospital (median, 19 versus 16 days, *P* \< 0.01).[@b25-copd-13-2183] Ponce et al[@b26-copd-13-2183] reported that a delayed nephrology consultation was associated with increased mortality in the ICU (88.2% versus 65.4%, *P* \< 0.001). However, only 10% (37/377) of patients with AKI consulted nephrologists in this study. In future, studies with a larger patient cohort could be employed to explore the association between an early nephrology consultation and outcomes in patients with HA-AKI and CA-AKI.

This study had four main limitations. First, it was a retrospective single-center study. A multicenter prospective study with a larger patient cohort is needed to confirm our conclusions. Second, information was not obtained on the differences in patient care that may have influenced the ultimate outcome. Drugs such as diuretics, non-steroidal anti-inflammatory drugs, and aminoglycosides are risk factors for AKI.[@b27-copd-13-2183] Third, there was no information on the long-term (eg, mortality, renal) outcomes of AKI. Four, the COPD severity stage is an important characteristic for patients with AECOPD, and we lacked these data.

Conclusion
==========

We found that AKI was common in patients with AECOPD requiring hospitalization. CA-AKI was more common than HA-AKI but otherwise demonstrated similar demographics and risk factors. Nevertheless, patients with HA-AKI had worse short-term outcomes. Therefore, preventive and management strategies for AKI must be identified, implemented, and evaluated to limit the risks to susceptible individuals.
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![Flowchart for patient selection.\
**Abbreviations:** AECOPD, acute exacerbations of COPD; AKI, acute kidney injury; CKD, chronic kidney disease.](copd-13-2183Fig1){#f1-copd-13-2183}

![In-hospital outcomes for CA-AKI versus HA-AKI.\
**Notes:** This graph demonstrates the percentage of AKI episodes that necessitated renal replacement therapy, ICU admission, mechanical ventilation, invasive mechanical ventilation, and non-invasive mechanical ventilation during hospitalization. This figure shows a comparison of inpatient mortality between CA-AKI and HA-AKI. The numbers at the top of the individual bars reflect the actual numbers of AKI episodes within this group. *P*-values were calculated using the Pearson chi-squared test/Fisher's exact test where appropriate.\
**Abbreviations:** AKI, acute kidney injury; CA-AKI, community-acquired AKI; HA-AKI, hospital-acquired AKI; ICU, intensive care unit.](copd-13-2183Fig2){#f2-copd-13-2183}

![Kaplan--Meier survival curves comparing community-acquired AKI and hospital-acquired AKI groups.\
**Abbreviation:** AKI, acute kidney injury.](copd-13-2183Fig3){#f3-copd-13-2183}

![Inpatient mortality outcomes according to AKI stage.\
**Notes:** This figure details the percentage of patients in each AKI stage who died during hospitalization. *P* \< 0.001 for comparison between inpatient death in AKI stage 3 (Pearson chi-squared test). For AKI stages 1 and 2, comparisons of inpatient mortality between CA-AKI and HA-AKI groups were not significant.\
**Abbreviations:** AKI, acute kidney injury; CA-AKI, community-acquired AKI; HA-AKI, hospital-acquired AKI.](copd-13-2183Fig4){#f4-copd-13-2183}

###### 

Demographic data: CA-AKI versus HA-AKI

  Variables                          CA-AKI (n = 280)   HA-AKI (n = 97)   *P*-value
  ---------------------------------- ------------------ ----------------- -----------
  Age (years)                        81 (77--86)        83 (76--87)       0.12
  Men, n (%)                         214 (76.4)         76 (79.2)         0.58
  Peak serum creatinine (μmol/L)     137 (122--182)     143 (119--194)    0.85
  Nephrology consultation (%)        26 (9.3)           11 (11.5)         0.54
  AKI severity, n (%)                                                     
   Stage 1                           175 (62.5)         58 (59.8)         0.64
   Stage 2                           75 (26.8)          18 (18.6)         0.11
   Stage 3                           30 (10.7)          21 (21.6)         0.007
  Complications, n (%)                                                    
   Acute respiratory failure         122 (43.6)         44 (45.8)         0.70
   Hypercapnic encephalopathy        24 (8.6)           8 (8.3)           1.00
  Comorbidity, n (%)                                                      
   Chronic cor pulmonale             117 (41.8)         59 (61.5)         0.001
   Pulmonary arterial hypertension   9 (3.2)            7 (7.3)           0.14
   Atrial fibrillation               43 (15.4)          16 (16.7)         0.76
   Hypertension                      169 (60.4)         56 (58.3)         0.73
   Diabetes mellitus                 56 (20.0)          17 (17.7)         0.62
   Coronary artery disease           122 (43.6)         38 (39.6)         0.50
   Chronic kidney disease            61 (21.8)          10 (10.4)         0.015
   Chronic liver disease             12 (4.3)           4 (4.2)           1.00
   Anemia                            121 (43.2)         39 (40.6)         0.66
   Cerebrovascular disease           77 (27.5)          22 (22.9)         0.38
   Cancer                            22 (7.9)           9 (9.4)           0.64

**Notes:** Continuous, normally distributed data were analyzed using the Student's *t*-test. Non-normally distributed variables were analyzed using the Mann--Whitney *U*-test. Analyses of the spread of categorical variables were calculated using the Pearson chi-squared test or Fisher's exact test where appropriate. Data were continuous variables and skew distribution, which were presented as median values.

**Abbreviations:** AKI, acute kidney injury; CA-AKI, community-acquired AKI; HA-AKI, hospital-acquired AKI.

###### 

Duration of stay in CA-AKI versus HA-AKI

  Variables                                         CA-AKI       HA-AKI       *P*-value
  ------------------------------------------------- ------------ ------------ -----------
  Duration of mechanical ventilation (IQR) (days)   8 (4--15)    11 (7--17)   0.020
  Duration of ICU stay (IQR) (days)                 9 (6--17)    11 (6--16)   0.863
  Duration of hospitalization (IQR) (days)          12 (8--17)   14 (9--20)   0.038

**Abbreviations:** AKI, acute kidney injury; CA-AKI, community-acquired AKI; HA-AKI, hospital-acquired AKI; ICU, intensive care unit; IQR, interquartile ratio.

###### 

Cox regression survival analyses for inpatient mortality

  Variables                                      Hazard ratio (95% CI)   *P*-value
  ---------------------------------------------- ----------------------- -----------
  Admission to ICU                               1.32 (0.62--2.79)       0.47
  Mechanical ventilation                         0.86 (0.45--1.67)       0.67
  Acute respiratory failure                      3.19 (1.63--6.24)       0.001
  Renal replacement therapy                      2.65 (1.21--5.78)       0.015
  AKI stage 3 compared with AKI stages 1 and 2   1.40 (1.02--1.92)       0.036
  HA-AKI compared with CA-AKI                    1.70 (1.03--2.81)       0.038

**Abbreviations:** AKI, acute kidney injury; CA-AKI, community-acquired AKI; CI, confidence interval; HA-AKI, hospital-acquired AKI; ICU, intensive care unit.
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